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ment of dystroglycan in mediating by RhoA function during gas-
trulation EMT.
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Novel retinotectal projection pathway in deeper laminae of the
developing chick optic tectum
Minoru Omia, Hidekiyo Haradab, Harukazu Nakamuraa,b
aGrad. Sch. Life Sci., Tohoku Univ., Sendai, Japan
bIDAC, Tohoku Univ., Sendai, Japan
The optic tectum is a visual center of the lower vertebrates and
receives retinal axons in a retinotopic manner. After invading the
tectum, retinal fibers run through the superficial layer of the tectum,
make a right turn, and enter deeper laminae to form terminal
arborization in the specific retinorecipient laminae. Previous studies
have shown that the terminal arborizations are formed in the upper
laminae (above lamina g in SGFS). It has been accepted that retinal
axons never enter deeper laminae. We developed high sensitive
tracing system in which gene of fluorescent reporter protein is
integrated in the genome and is expressed stably in long term (Sato
et al., 2007; Harada et al., 2008), and re-examined the projection
pattern of retinal axons in the tectal laminae of developing chick
embryos. Surprisingly, we found a bundle of retinal fibers that run in
deeper laminae than SGFS. These fibers run on distinct pathway from
known ones. After invading the optic tectum, these fibers run on the
dorsal margin of the tectum, make a right-angled turn, then extend in
deeper laminae to the lateral side without entering the superficial
layer where known retinal fibers run. As development proceeds,
these fibers decrease but still remain after hatching. We also found
that some of known retinal fibers running in the superficial layer
transiently pass through lamina g and invade deeper laminae. High
sensitive tracing system has elucidated novel tract of retinal fibers in
the deeper optic tectum. We are trying to elucidate the origin and
terminals of the fibers.
doi:10.1016/j.ydbio.2010.05.117
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Elucidating the role of Hoxa-5 in development of the chick
axial skeleton
Jessica Chen, Meghan Shilts, Jennifer H. Mansfield
Dept. Biological Sciences, Barnard College, New York, NY, USA
In the developing axial skeleton, hox proteins act combinatorially
to govern the identity of vertebral segments, and to regulate cartilage
differentiation later in development. Here, we test the role of Hoxa-5
in development of the avian axial skeleton. Hoxa-5 patterns segments
around the cervical-thoracic transition in mice, but it is unknown
how it regulates cartilage differentiation pathways in axial tissues,
and, given differences in Hox expression patterns between mice and
chicks, whether Hoxa-5 specifies the same segmental identities in the
two lineages. We find that overexpression or knockdown of Hoxa-5 in
chick pre-somitic mesoderm alters vertebral morphologies, but these
changes do not appear to be homeotic transformations in segmental
identity. Further examination is aimed at elucidating the molecular
changes associated with altered Hoxa-5 expression during cartilage
differentiation.
doi:10.1016/j.ydbio.2010.05.118
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Functional analysis of Klf2 during embryonic
skeletal development
Felicity A. Roddaa,b, Trevor L. Camerona, Christopher T. Gordona,
John F. Batemana,b, Peter G. Farliea,b
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Endochondral ossification is the process by which the majority of
the bones of the body are formed. It occurs via the differentiation of
mesenchymal cells into chondrocytes to produce a cartilage template
of the skeleton (chondrogenesis), followed by replacement of this
template with bone (osteogenesis). This complex process is incom-
pletely understood. Kruppel-like factor 2 (Klf2) is a zinc finger
transcription factor upregulated 30-fold during chondrogenesis. With
known roles in regulating blood vessel tone, T-cell and smoothmuscle
cell migration, it as-yet has no known role in skeletal development.
Herewe provide evidence for the functional significance of Klf2 in limb
development. Retroviral-driven misexpression of Klf2 in chick em-
bryos results in reduction of overall bone length, transformations of
digit identity, and an alteration of bonemorphology coined the ‘web of
bone’. We are currently using a viral construct containing a tissue-
specific promoter to assess if the web of bone is due to a disruption of
signalling from the cartilage itself, or from the surrounding perichon-
drial cell layer. In addition, in situ hybridisation analysis is being used
to examine gene expression alterations in response to Klf2 misexpres-
sion, to identify the network in which Klf2 functions and elucidate its
mode of action in chondrogenesis and osteogenesis.
doi:10.1016/j.ydbio.2010.05.119
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Where'd my tail go?
Nowlan Freese, Susan C. Chapman
Department of Biological Sciences, Clemson University, Clemson, SC, USA
The Araucana chicken breed lacks all caudal tail structures, due to an
unidentified autosomal dominant rumpless mutation, and is reminis-
cent of the human caudal agenesis phenotype. Morphological analysis
reveals a variable numberofmissing vertebrae and associated structures
from the lower synsacrum and tail region. Extension is compromised as
early as the tailbud organizer stage. We have investigated the role of
apoptosis, cell migration and cell proliferation as possible mechanisms.
Migration through the ventral ectodermal ridge is unaffected, as
determined by Laminin/E-Cadherin double immunostaining and DiI
fatemapping. TUNEL staining reveals increased levels of apoptosis in the
ventral tailbud region. Cell proliferation studies using EdU show the
expected lack of proliferation in the tailbud. However, cells situated
rostro-ventrally show reduced proliferation, shrinking the population
available for caudal tail extension. Together these data demonstrate a
reduction in the number of ventral cells contributing to the tailbud,
which accounts in part for the Araucana phenotype.
doi:10.1016/j.ydbio.2010.05.120
Program/Abstract # 82
Cellular aspects of LR asymmetric morphogenesis in early
heart development
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Establishing left-right (LR) asymmetry is required for correct
position and function of internal organs. Although remarkable
progress has been made in understanding the molecular basis of
LR establishment, how this molecular information is translated into
morphogenetic events is unknown. To elucidate the cellular
mechanisms that control asymmetric morphogenesis, we have
analyzed the initial LR asymmetric morphogenesis of the early
heart rudiment, a process called C-looping, in chick and mouse
embryos. Our detailed analysis with time-lapse microscopy revealed
that this process is achieved by two independent, asymmetric
morphogenetic events: rightward rotation of the rostral portion of
the primitive heart tube and asymmetric growth of its caudal
portion. Interestingly, we found that cell shape and cell arrange-
ments undergo similar changes during asymmetric morphogenesis
of both parts. This finding suggests that common molecular and
cellular mechanisms function to generate different LR asymmetric
morphological features in the rostral and caudal regions of the
looping heart tube. Based on our histological and genetic analyses,
we will discuss what molecules and cell behaviors are regulated by
LR signals and how common molecular machinery could control
differential morphogenesis in these two regions of the heart tube.
Our study sheds light on the mechanisms that enable LR signals to
control complex morphogenesis.
doi:10.1016/j.ydbio.2010.05.121
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The KRAB Zinc Finger Protein ZFP568 is Required in
the Extraembryonic Mesoderm for Yolk Sac and
Placental Development
Maho Shibata, Maria J. Garcia-Garcia
Department of Molecular Biology and Genetics, Cornell University,
Ithaca, NY, USA
In mammals, extraembryonic tissues are critical for sustaining
embryonic life inside the uterus, providing nourishment and
secreting factors to maintain pregnancy. chato, an ENU allele
disrupting the mouse Kruppel-associated box (KRAB) zinc finger
protein ZFP568, causes unique defects in the morphogenesis of
extraembryonic tissues. The yolk sac of chato mutants contains
bubble-like protrusions, accompanied by a detachment of the visceral
endoderm from the underlying extraembryonic mesoderm, and
defective extraembryonic mesoderm migration. Additionally, the
placenta fails to develop properly in chato mutants. Most chato
embryos have an expanded chorionic ectoderm that, in extreme
cases, prevents the closure of the ectoplacental cavity. Also,
development of the labyrinth layer of the placenta is disrupted in
all chatomutants. Interestingly, we found that the severity of yolk sac
defects correlated with the placental malformations, suggesting that
all extraembryonic defects in chato mutants have a common
developmental origin. To address the requirements of Zfp568 in
different extraembryonic lineages, we analyzed chimeric embryos
generated by both tetraploid complementation assays and by the use
of a reversible allele of Zfp568 in combination with Cre lines. Our
results indicate that ZFP568 is required in the extraembryonic
mesoderm to regulate the development of the yolk sac and placenta.
Results will be presented that support a previously undescribed role
of the extraembryonic mesoderm in the morphogenesis of extra-
embryonic tissues.
doi:10.1016/j.ydbio.2010.05.122
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Live-imaging analysis of apoptosis and caspase activation reveals
that apoptosis is a facilitator of the neural tube closure
Yoshifumi Yamaguchia,b, Naomi Shinotsukaa,
Keiko Nonomuraa, Masayuki Miuraa,b
aDept. of Genet., Grad. Sch. of Pharma. Sci., The Univ. of Tokyo, Japan
bCREST, JST, Japan
Neural tube closure (NTC) is a fundamental process to construct
the brain and the spinal cord in vertebrates. The neural plate develops
bilateral neural folds, which in turn come into contact in the midline
and fuse together to create the neural tube. Programmed cell death
(PCD), especially apoptosis, is widely observed during the process.
Several lines of evidence suggested that apoptosis is important for
NTC. However, it is still unclear how apoptosis contributes to the
completion of NTC. To examine the relationship between dying cells
and morphogenetic movement such as neural plate bending, fusion of
neural ridge, and epithelial remodeling after the fusion, direct
visualization of dying cells during NTC could be effective. We have
conducted a live-imaging analysis of apoptosis during NTC with the
mouse embryo expressing SCAT3, a fluorescent indicator protein to
monitor caspase-3 activation in living cells. In these embryos, caspase
activation was observed in dying cells of the pre-fusion neural ridge,
fusion point, and the midline. Thus, this system allowed us to observe
the dynamics of NTC when caspase activation and apoptosis were
inhibited. We found that the speed of closure tended to become slow
under caspase-inhibited condition, suggesting that caspase activation
and apoptosis contribute to the progression of NTC within a limited
developmental time window.
doi:10.1016/j.ydbio.2010.05.123
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Apoptosis is dispensable for the control of cell number during
early brain morphogenesis
Keiko Nonomuraa, Yoshifumi Yamaguchia,b,
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Apoptosis is essential for normal brain morphogenesis. Mice
lacking genes required for apoptosis (caspase-3, caspase-9, and apaf-
1) exhibit severe brain malformations such as small brain ventricles
and folded neuroepithelium. Because these morphological changes
led to the idea that the supernumerary cells are generated in these
mutants’ brain, it has been thought that apoptosis is essential to
control the brain cell number. However, quantitative changes in total
cell number of these mutants’ brain have not been investigated. So,
we performed quantitative morphological analysis of apaf-1mutants’
brain. We measured the area of neuroepithelium and the cell density
in serial sections and counted the total cell numbers of dissociated
brain tissue. To our surprise, there was no detectable increase in the
cell number of apaf-1 mutants’ brain, even when the typical brain
malformations were apparent. The influence of apoptosis inhibition
on the brain cell number in apaf-1 mutant embryos might be
diminished by some other cell number-controlling mechanisms, such
as alternative cell death programs or suppression of cell proliferation.
In contrast, apaf-1 mutant embryos failed to expand its brain
ventricles, and this may be the cause of neuroepithelial deformations.
Completion of neural tube closure is thought to be required for the
drastic brain ventricles expansion. Indeed, apaf-1 mutant embryos
exhibited neural tube closure defects, suggesting that the primary
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